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© Computed tomograph. 



© In a computed tomograph wherein an object to 
be examined is scanned with a beam of light (6) in a 
scanning plane and a photodetector (9) receives the 
light transmitted through the object so that a tomo- 
graphic image of the object is obtained, there is 
provided a holder for holding the object in the scan- 
ning plane, which comprises two separate portions 
(10, 11) arranged at the opposite sides of the scan- 
ning plane, each of the two separate portions having 
a supporting surface at substantially the same level 
for supporting at least a portion of the object being 
^examined. 
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COMPUTED TOMOGRAPH 



BACKGROUND OF THE INVENTION 



This invention relates generally to computed 
tomographs commonly referred to as CT's for non- 
destructive^ obtaining a tomographic information 
of an object being examined by employing radi- 
ation, and more particularly to a device for holding 
an object to be examined in computed tomographs. 

X-ray CT's are commonly-used for nondestruc- 
tively obtaining a tomographic information of an 
object to be examined. There has been proposed a 
CT of such a type that obtains a tomographic 
information of an object by irradiating the object 
with light in the visible and near infrared regions as 
disclosed in, for example, Japanese Unexamined 
Patent Publication No. 60-72542. 

The apparatus generally includes a light beam 
scanning device which comprises scanning means 
for causing the light beam from a source to trans- 
mit through different parts of an object to be exam- 
ined, and a photodetector opposite the scanning 
means to receive the light emitted by the scanning 
means and transmitted through the object. 

The disclosed CT is schematically shown in 
Figs. 5 and 6. Fig. 5 is a side elevational view, 
partly broken away, of the apparatus and Fig. 6 is a 
sectional view taken along line A - A in Fig. 5. 

The apparatus comprises a gantry 1 in the 
form of a cylindrical drum, which is rotatably sup- 
ported at the outer circumferential surface 1c there- 
of by means of rollers 2. An object 3 to be exam- 
ined is placed adjacent the axis X of the gantry 1 . 

The gantry is formed on the entire circumferen- 
tial surface 1c thereof with a screw groove, not 
shown, which is engaged by a gear not shown but 
driven by a motor to rotate the gantry about its axis 
X. 

Inside the gantry there are provided a light 
source 5 for emitting a beam 6 of light, a reflector 
7 for directing the light beam 6 onto the object 3 to 
be scanned and a scanner 8 for swinging the 
reflector 7 so that the beam 6 scans a sector- 
shaped range through an angle B sufficient to cover 
the area of the object 3 to be examined. 

The light source 5, the reflector 7 and the 
scanner 8 constitute the previously mentioned 
beam scanning means. 

Inside the gantry, there is also provided a 
photodetector 9 at the side of the object opposite 
the reflector 7 and at such a position as to be able 
to receive the light beam 6 that has scanned the 
object 3. The photodetector 9 comprises a plurality 
of photosensitive elements arranged along an arc 
of a circle whose center coincides with a point at 



the surface of the reflector 7. The photodetector 
can be a photodiode array or a plurality of optical 
fibers each having one end arranged along the 
above-mentioned arc and the opposite end con- 

s nected to a photomultiplier tube not shown. 

With an object 3 to be examined being set in 
place and the gantry 1 kept stationary, the reflector 
7 is swung so as to cause the light beam 6 to scan 
the sector-shaped range of the angle 9 Then the 

ro gantry 1 is rotated a predetermined angle and kept 
stationary and the light beam 6 is caused to scan 
in a similar manner. By repeating the above-men- 
tioned rotation of the gantry 1 and scanning of the 
object by the light beam 6 it is possible to succes- 

is sively change the direction of incidence of the light 
beam on an object being examined at predeter- 
mined intervals circumferentially of the object and 
scan the object in all directions through 360* . 
Inside the gantry 1 the object 3 is held by a 

20 holder, a typical example of which is shown in Fig. 
7 in the form of a hollow cylinder 4 made of 
transparent glass. The beam 6 scans in a plane (to 
be referred to as the scanning plane) perpendicular 
'to the axis of the cylindrical holder 4 as shown in 

25 Fig. 8, that is, in parallel with the plane of the 
drawing sheet. So long as the scanning light beam 
6 passes adjacent the center of the cylinder of the 
holder 4, there is no problem. As the light beam 
swings toward the periphery of the cylinder, the 

30 incident angle a of the light beam on the cylinder 
comes to exceed a certain angle, whereupon the 
light beam cannot pass through the cylinder wall 
but is reflected as shown at 6a in Fig. 8, so that 
measurement becomes impossible. 

35 If the diameter of the holder 4 is made of a 
larger size than the sector-shaped area scanned by 
the light beam as shown in Fig. 9, the position of 
the object 3 would be lowered out of the scanning 
area as the light source is moved about the holder 

40 4, with resulting impossibility of measurement. 



SUMMARY OF THE INVENTION 



Accordingly, the primary object of the invention 
is to provide a device for holding an object to be 
examined in a CT, in which the holder comprises 
two parts disposed at the opposite sides of the 
so scanning plane of the light beam, with a mecha- 
nism for moving the object being examined in a 
direction perpendicular to the scanning plane of the 
light beam. 

With an object to be examined placed on the 
holder in such a manner that the object bridges the 
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two parts of the holder, as the light beam scans the 
object, the beam passes through the object only 
between the two parts of the holder. 

When the gantry is rotated to change the direc- 
tion of incidence of the scanning light beam cir- 
cumferentially of the object holder, the holder will 
not obstruct the light beam passing through the 
object being examined. To examine a different part 
of the object the holder is moved to shift the 
position of the object in a direction perpendicular to 
the scanning plane. 



DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic elevational view, partly 
in vertical section, of one embodiment of the inven- 
tion; 

Fig. 2 is a schematic side view of Fig. 1 
illustrating the relative positions of a scanning light 
beam, an object being examined, a holder for hold- 
ing the object being examined and a photodetector; 

Fig. 3 is a schematic perspective view of 
another embodiment of the invention; 

Fig. 4 is a schematic elevational view of a 
third embodiment of the invention; 

Fig. 5 is a schematic side view, partly cut 
away, of a conventional CT; 

Fig. 6 is a sectional view taken along line A- 
A in Fig. 5; 

Fig. 7 is a perspective view of a conventional 
holder for holding an object to be examined; 

Fig. 8 is a schematic end view of the holder 
of Fig. 7 showing the relation between the holder 
and the scanning light beam; and 

Fig. 9 is a schematic end view similar to Fig. 
8 showing a larger holder. 



PREFERRED EMBODIMENTS OF THE INVEN- 
TION 



Fig. 1 shows one embodiment of the invention, 
and Fig. 2 is a left side view schematically showing 
a reflector mirror 7, an object 3 being examined, an 
object holder comprising a pair of holding plates 10 
and 1 1 , and a photodetector 9. 

The plates 10 and 11 are positioned at sub- 
stantially the same level with a space S interposed 
therebetween. The object 3 to be examined, such 
as a rat, is placed on the plates 10 and 11 so as to 
bridge them. The reflector 7 above the space S 
reflects the light from a light source not shown so 
that the reflected light beam 6 passes through the 
space S so as to be projected onto the photodetec- 
tor 9. As the reflector is swung, the light beam 6 



scans the object 3 in a direction perpendicular to 
the plane of the drawing sheet of Fig. 1. The 
reflector 7 may be replaced by the light source, 
which may be swung so that the light beam from 

5 the source scans the object. 

The holding plate 10 is connected to a mov- 
able member 10a integrally therewith. The movable 
member 10a with the holding plate 10 is supported 
by a support plate 12 so as to be movable horizon- 

10 tally as shown by an arrow 13. The support plate 
12 is provided with a sprocket wheel 14a driven by 
a motor not shown, with a chain 15 passing about 
the sprocket wheel 1 4a and another sprocket wheel 
14b. The movable member 10a is fixed to the 

75 chain 15, so that as the sprocket wheel 14a is 
rotated by the motor, the chain 15 moves the 
movable member 10a and the holding plate 10. 

To the bottom face of the support plate 12 
there is fixed a member 18 having a key 18a 

20 guided in a groove 16a formed in a base 16 so that 
the member 1 8 is movable in a vertical direction as 
shown by an arrow 17. The member 18 is formed 
with a rack 1 9 with which a drive gear 20 driven by 
a motor not shown meshes. 

25 The other holding plate 11 is supported on a 
support plate 21 by means of bearing means such 
as rollers 22 so that the holding plate 11 Is mov- 
able on the support plate 21 smoothly with reduced 
friction. 

30 The support plate 21 is supported on. the top 

end of a screw rod 25 threaded through a base 24, 
with guide rods 23 depending from the support 
plate 21 to pass through holes formed in the base 
24. By rotating the screw rod 25 it is possible to 

35 raise or lower the support plate 21 and the holding 
platen. 

In operation, an object 3 to be examined is set 
on the holder in such a manner that the object 
bridges the two holding plates 1 0 and 11, with the 

40 part of the object to be measured being positioned 
in the space S, through which the scanning light 
beam 6 passes. In the space S there is present 
nothing but the part of the object to be measured, 
so that no account need be taken of adverse influ- 

45 ence of reflection or refraction of light by the holder 
or any other obstacles on the result of measure- 
ment. 

To measure a different part of the object 3, the 
moving mechanism including the chain 15 and the 

so sprocket wheels 14a and 14b is operated to shift 
the holding plate 10 in the direction in which the 
object is to be shifted, whereupon the other holding 
plate 11 is pulled or pushed by the friction between 
the plate 11 and the object 3 thereon so as to 

55 move in the same direction as the holding plate 10, 
with the width of the space S being kept substan- 
tially unchanged. 

By temporarily fixing the object 3 to the hold- 
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ing plate 1 1 by suitable means such as an adhe- 
sive tape it is possible to effectively prevent the 
object from inadvertently falling off the holder when 
it is shifted. 

When an object of a different size is placed on 
the holder, the positions of the holding plates 10 
and 1 1 are adjusted vertically so as to set the part 
of the object to be measured at the center of the 
scanning range of the light beam 6. 

The position of the object 3 illustrated in Fig. 1 
is for obtaining a tomographic image of the object. 
To obtain a CR image, that is, a plane image like 
an ordinary X-ray picture, the gantry 1 is not rotat- 
ed, but the reflector 7 (or the light source in place 
of the reflector) is swung and the holding plate 1 0 
is moved in a horizontal direction. If the holding 
plate 10 is made of a material such as glass 
transparent to the scanning light, the object 3 may 
be placed on the holding plate 10 only without 
bridging the plates 10 and 11. In this case, al- 
though the holding plate 10 as well as the object 3 
thereon is positioned within the scanning range of 
the light beam 6, it is possible to measure the 
object without being obstructed by the holding 
plate 10. and the other holding plate 11 and the 
associated members may be removed from their 
operative positions. 

The material of the holding plate 10 is prefer- _ 
ably transparent to the scanning light to make it 
possible to obtain a CR image. The material of the • 
plate 10 may be nontransparent if tomographic 
images only are to be obtained. 

In the embodiment of Fig. 1, the holding plate 
10 is flat. It may be slightly curved as shown at 
10b in Fig. 2 to reduce the influence of refraction if 
the holding plate 10 of a transparent material as 
well as the object to be measured is placed in the 
scanning area of the light beam 6 to obtain a CR 
image of the object. 

The holding plates 10 and 11 may be a hollow 
cylinder or a box made of a material nontran- 
sparent to the scanning light so as to shut off any 
interfering light other than the scanning light 

Fig. 3 shows a second embodiment of the 
invention, which comprises an annular gantry 30 
provided with a light source 5. a scanner 8 and a 
photodetector 9. The scanner 8 has a rotatable 
shaft 8a on which a reflector 7 is mounted so that 
the reflected light beam from the reflector 7 swings 
so as to be projected onto the photodetector 9. The 
light source 5 can be a laser which emits light in 
the near infrared region. On the .gantry 30 the 
photodetector 9 is positioned diametrically opposite 
the reflector 7 so that the photodetector 9 may 
catch all the light from the reflector 7. A motor 31 
rotates the gantry through a belt 31a. A line Li 
supplies power to the motor 31. 

At one side of the scanning plane of the light 



beam 6 and in front of the annular gantry 30 there 
is provided means for introducing an object 3 to be 
examined into the scanning region of the light 
beam 6. The introducing means comprises a plu- 
5 rality of parallel rollers 33, an endless conveyor 
belt 32 running on the rollers 33, and a motor 35 
for driving the conveyor belt 32 via a gear 36 fixed 
to the output shaft 35a of a reduction gear 35b 
connected to the motor and a gear 34 fixed to one 
10 of the rollers 33 and meshing with the gear 36. 

A position detector 37 is provided to detect the 
position of the conveyor belt 32 as it runs, and 
comprises a disc 37a fixed to the output shaft 35c 
of the motor 35 and provided with marks 37b 
15 circumferentially arranged on the disc 37a and a 
photosensor 37c for sensing each of the marks 37b 
to produce a corresponding detection signal on an 
output line L2. 

An object 3 to be examined is placed on the 
20 conveyor belt 32. 

At the other side of the scanning plane of the 
light beam 6 and at the back of the gantry 30 there 
is provided means for receiving and holding the 
object 3, which comprises a plurality of parallel 
25 rollers 39 at the same level as the rollers 33, an 
endless Gonveyor belt 38 running on the rollers 39, 
and a motor 41 for driving the conveyor belt 38 via 
a gear 42 fixed to the output shaft 41a of a reduc- 
tion gear 41b connected to the motor 41 and. a 
30 gear 40 fixed to one of the rollers 39 and meshing 
with the gear 42. Another position detector 43 Is 
provided to detect the position of the conveyor belt 
38 as it runs, and comprises a disc 43a fixed to the 
output shaft 41c of the motor 41 and provided with 
35 marks 43b circumferentially arranged on the disc 
43a and a photosensor 43c for sensing each of the 
marks 43b to produce a corresponding detection 
signal on the output line L 2 . 

The two motors 35 and 41 are rotated at sub- 
40 stantially the same speed, with a line L3 supplying 
power to the motors. 

The distance between the adjacent ends of the 
conveyor belts 32 and 38 or the width of the space 
S may be several tens millimeters. 
45 In operation, as the motors 35 and 41 are 
rotated at the same speed, the forward end of an 
object 3 placed on the conveyor belt 32 passes the 
space S between the belts 32 and 38 in which the 
scanning plane of the light beam 6 exists and rides 
50 onto the belt 38. With the belts 32 and 38 being 
held temporarily stationary, the portion of the ob- 
ject present in the space S is scanned by the light 
beam 6 reflected by the reflector 7, and the 
photodetector 9 receives the light transmitted 
55 through the object to produce an absorbance signal 
on a line U. 

The motor 31 rotates the annular gantry 30 so 
that the light beam 6 irradiates the object 3 in all 
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directions circumferentially of the object. 

In the above-mentioned manner, it is possible 
to obtain a tomographic image of a desired portion 
of the object anywhere form the forward to the rear 
end of the object. 

To describe the operation in further detail, the 
conveyor belt 32 conveys the object 3 placed 
thereon as far as that portion of the object which is 
to be sliced comes in the space S between the two 
belts 32 and 38, whereupon the belts 32 and 38 
are temporarily stopped. With the annular gantry 
30 held stationary at a certain position, the scanner 
8 is operated to cause the reflector 7 fixed to the 
rotational shaft 8a of the scanner to swing one 
time, thereby causing the light beam 6 to scan the 
whole measuring area including the whole section 
of the object. When all absorbance signals result- 
ing from the scanning have been taken, the annular 
gantry 30 is rotated about its own axis a predeter- 
mined angle and then temporarily held stationary, 
whereupon absorbance data are sampled in the 
same manner as mentioned above. The operation 
is repeated until the gantry 30 completes one rota- 
tion about the object 3, and all the data obtained 
are processed by a data processor 44, which con- 
ducts necessary calculations and operations to pro- 
duce a tomographic image of the portion of the 
object being examined. A controller 45 controls the 
above-mentioned operation. 

Fig. 4 shows a third embodiment of the inven- 
tion. In the embodiment of Fig. 3, the object in- 
troducing means and the object receiving means 
are separate means with the scanning plane inter- 
posed therebetween. In the embodiment of Fig. 4, 
a single endless conveyor belt 50 has an object 
introducing portion 50a at one side of the scanning 
plane and an object receiving portion 50b at the 
opposite side of the plane, with rollers 51 guiding 
the belt 50 so that the intermediate portion of the 
belt passes below the gantry 30. 

Since the single belt is employed, a single 
driving mechanism suffices, which comprises a 
driving motor 53, a gear 54 fixed to the output shaft 
53a of a reduction gear 53b connected to the 
motor and a gear 52 fixed to one of the rollers 51 
and meshing with the gear 54. A position detector 
55 is provided to detect the position of the con- 
veyor belt 50 in a manner similar to the position 
detector 37 or 43 in the embodiment of Fig. 3. 

In the third embodiment with the single con- 
veyor belt 50, a single mechanism for driving the 
object holder suffices, with resulting simplification 
of the electrical circuitry and control system. The 
single belt 50 moves necessarily at the same 
speed in both the object introducing and receiving 
portions 50a and 50b, and there is no need for 
providing means for equalizing the running speeds 
of the two portions. 



In the embodiments of Figs. 3 and 4. since the 
two portions 50a and 50b of the conveyor belt 50 
move synchronously, the position and width of the 
space S in which the scanning light beams passes 
5 is kept constant regardless of the movement of the 
belt and the object placed thereon, so that it is 
possible to measure a desired portion of the object 
continuously from the forward to the rear end 
thereof. 

;o In accordance with the invention, since the 
object holder comprises two portions at the op- 
posite sides of the scanning plane of the light 
beam, with an object to be examined being hori- 
zontally moved through the scanning plane per- 

i5 pendicularly thereto, only air except for the object 
exists in the space in which the scanning beam 
passes when measurement is conducted, so that it 
is possible to measure the object stably without 
any adverse influence of refraction or reflection of 

20 the scanning light beam on the results of measure- 
ment. 

Since the object is supported at two positions 
at the opposite sides of the scanning plane, the 
object can be held more stably during measure- 
as ment than if it were supported at one position like a 
cantilever. 

In a computed tomograph wherein an object to 
be examined is scanned with a beam of light in a 
scanning plane and a photodetector receives the 

30 light transmitted through the object so that a tomo- 
graphic image of the object is obtained, there is 
provided a holder for holding the object in the 
scanning plane, which comprises two separate por- 
tions arranged at the opposite sides of the scan- 

35 ning plane, each of the two separate portions hav- 
ing a supporting surface at substantially the same 
level for supporting at least a portion of the object 
being examined. 



Claims 

1 . A computed tomograph comprising: 

a) means for providing a beam of light in the 
45 visible and infrared regions; 

b) means for holding an object to be exam- 
ined; 

c) means for scanning with said beam of 
light said object in a predetermined scanning 

so plane; 

d) photodetecting means for receiving said 
beam of light transmitted through said object to 
produce an electrical signal corresponding to the 
intensity of said transmitted light; 

55 e) means for processing said electrical sig- 

nal to produce a tomographic image of said object 
in said scanning plane; 
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b ) said holding means comprising two sepa- 
rate portions arranged at the opposite sides of said 
scanning plane, each of said separate portions 
having a supporting surface at substantially the 
same level for supporting at least a portion of said 
object; and 

f) means connected to said holding means 
for moving said holding means so that said object 
thereon moves perpendicularly to and through said 
scanning plane from one to the other side thereof. 

2. The apparatus of claim 1 , wherein said hold- 
ing means comprises a first holding plate provided 
at one side of said scanning plane and a second 
holding piate provided at the opposite side of said 
scanning plane. 

3. The apparatus of claim 2, wherein one of 
said first and second holding plates is transparent 
to said light. 

4. The apparatus of claim 2, wherein said mov- 
ing means comprises a movable member fixed to 
one of said first and second holding plates, means 
for moving said movable member in a direction 
perpendicular to said scanning plane, and bearing 
means for supporting the other of said first and 
second holding plates slidably in a direction per- 
pendicular to said scanning plane. 

5. The apparatus of claim 4, wherein said mov- 
ing means further includes first means for adjusting 
the position of said movable member with said one 
holding plate fixed thereto in a direction parallel 
with said scanning plane, and second means for 
adjusting the position of said bearing means with 
said other holding plate thereon in a direction par- 
allel with said scanning plane. 

6. The apparatus of claim 1 , wherein said hold- 
ing means comprises a first endless conveyor belt 
provided at one side of said scanning plane and a 
second endless coveyor belt provided at the op- 
posite side of said scanning plane, each of said 
first and second conveyor belts having a surface 
portion running in the same direction and at the 
same level. 

7. The apparatus of claim 8, wherein said mov- 
ing means comprises first means for driving said 
first endless conveyor belt, second means for driv- 
ing said second endless conveyor belt, and means 
for controlling said first and second driving means 
so that said first and second conveyor belts run 
synchronously at the same speed. 

8. The apparatus of claim 6, wherein said mov- 
ing means further includes means for detecting the 
position of each of said first and second endless 
conveyor belts to produce a control signal. 

9. The apparatus of claim 1 , wherein said hold- 
ing means comprises a signle endless conveyor 
belt having a first surface portion arranged at one 
side of said scanning plane and a second surface 



portion arranged at the opposite side of said scan- 
ning plane and at the same level as said first 
surface portion. 

10. The apparatus of claim 9, wherein said 
5 moving means further includes means for detecting 

the position of said endless belt to produce a 
corresponding signal. 

1 1 . A device for holding an object to be exam- 
ined in a computed tomograph wherein the object 

w is scanned with a beam of light in a scanning plane 
and the light transmitted through the object is re- 
ceived by a photodetector to obtain a tomographic 
image of the object, said device comprising: 

a) two separate portions arranged at the op- 
15 posite sides of said scanning plane, each of said 

separate portions having a supporting surface at 
substantially the same level for supporting at least 
a portion of said object: and 

b) means connected to said holding means 
20 for moving said two separate portions so that said 

object thereon moves perpendicularly to and 
through said scanning plane from one to the other 
side thereof. 

25 12. The device of claim 11, wherein one of said 
two separate, portions comprises a first holding 
plate provided at one side of said scanning plane 
and the other of said two separate portions com- 
. prises a second holding plate provided at the op- 

30 posite side of said scanning plane, and wherein 
said moving means comprises a movable member 
fixed to one of said first and second holding plates, 
and means for moving said movable member in a 
direction perpendicular to said scanning plane, and 

35 bearing means for supporting the other of said first 
and second holding plates slidably in a direction 
perpendicular to said scanning plane. 

13. The device of claim 12, further including 
first means for adjusting the position of said mov- 

40 able member with said one holding plate fixed 
thereto in a direction parallel with said scanning 
plane and second means for adjusting the position 
of said bearing means with said other holding piate 
thereon in a direction parallel with said scanning 

45 plane. 

1 4. The device of claim 1 1 , wherein one of said 
two separate portions comprises a first endless 
conveyor belt provided at one side of said scan- 
ning plane and the other of said two separate 

so portions comprises a second endless conveyor belt 
provided at the opposite side of said scanning 
plane, and wherein said moving means comprises 
first means for driving said first endless conveyor 
belt, second means for driving said second endless 

55 conveyor belt, means for controlling said first and 
second driving means so that said first and second 
conveyor belts run synchronously at the same 
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speed, and means for detecting the position of 
each of said first and second endless conveyor 
belts to produce a control signal. 

15. The device of claim 11, wherein one of said 
two separate portions comprises a first surface 5 
portion of a single endless conveyor belt arranged 
at one side of said scanning plane and the other of 
said two separte portions comprises a second sur- 
face portion of said same single conveyor belt 
arranged at the opposite side of said scanning io 
plane and at the same level as said first surface 
portion, and wherein said moving means is con- 
nected to said single conveyor belt and includes 
means for detecting the position of said single 
endless conveyor belt to produce a control signal. ?s 
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